The author discusses the applicability of various theories for describing processes in continuous matter and deals in some detail with the entropy-free thermodynamics of irreversible processes, basing his discourse on the work of J. Meixner in this field.
These theories have in common the conservation laws of continuous matter and the laws of thermostatics. They differ essentially in the arguments on which the constitutive equations (CE) are based. Classical TIP starts from a generalized Clausius-Duhem Inequality (CDI) for the well-known (specific) thermostatic entropy Ssr (1) The quantity sst is weil defined by the second law of thermodynamics and is a function sst = ssiu, p) for fluids and a function Sst = s 5 , (u, Fu) for solid systems. Here u means the (specific) internal energy, p ... density, Fu ... deformation gradient, Sst .
• . substantia} time derivative of Sst and J st ••. current of sst· In the case of thermodynamic systems without diffusion one has (2) with q ... heat flux and T ... absolute temperature. The inequality 1 has been proved valid in quite a few applications 1 . Nevertheless it must be emphasized that in TIP its validity is postulated and cannot be concluded from the second law (ref. To get CE in NFT one starts with a generalized CDI (3) for a hypothetical (specific) Non-equilibrium Entropy (NEE), sN. Here sN means the substantial time derivative and JN the current of sN. Unfortunately in NFT neither sN nor JN is defined uniquely. Therefore today the physical significance of these quantities is not clear. Beside this, in NFT nothing is said about the physical meaning of the inequality 3, the validity of which is merely postulated. Now within the framework of a phenomenological theory the concept of NEE sN is at least questionable. The reason is that sN cannot be defined uniquely. This has been shown by J. Meixner 3 • Therefore one may ask whether thermodynamics of processes can be developed without postulating the inequality 1 and without using the concept of NEE or the inequality 3. This is indeed possible. J. Meixner 4 has developed a theory of processes in continuous matter without using the inequalities 1 or 3 and without using the concept of NEE. This theory will therefore be called ETIP. Instead of the generalized CDI 1 or 3 in ETIP one has the Fundamental Inequality (FI) [re( 4, p 88, (6) ] which is mainly a consequence of the integral form of the second part of the second law
Here A and B denote two equilibrium states where Bis posterior to A and bQ is the heat the system has been supplied with at a temperature T. This inequality has been proved by R. Clausius 5 • In contrast to this, the differential form of the second part of the second law (5) is a postulate and cannot be concluded from expression 4 or any other equivalent form of the second law. Now we shall write down the FI forafluid or solid system which consists of one component and one phase only and which is not affected by any body forces. Arbitrary time-rlependent forces acting on the surface of the system may be prescribed by boundary conditions.
The system can exchange heat and mechanical work through its surface with its surroundings.
In the interior of the system heat conduction, internal friction and a process which will be called 'internal energy exchange' may appear. Following J. Meixner\ for each element of such a system and each real process which starts at t = -oo in an equilibrium state, the FI 
initial position of the mass element. All quantities are functions of position xi and time t. In all quantities appearing in expression 6 the dependence on position xi may be thought to be changed into a dependence on time by use of the trajectory xi(X k, t) of the element. In other words, expression 6 holds for a fixed material element along its path. The following relations hold
The quanttttes I;;t, P st ik are defined by equation 7. The thermodynamic temperature T and pressure tensor Pik describe the temperature and the stresses which are actually realized in the system at time t and position xi.
In generat Twill differ from Tst in the same way that Pik will differ from P st ik"
The FI holds for all times t 0 , arbitrary mass elements and all real processes which start in an equilibrium state at t = -oo, i.e. all systems of continuous functions
The integrand of the FI is, apart from a factor p, the 'production u st of thermostatic entropy', i.e.
(11) (12) (J st need not be positive only but also may assume negative values! In view of the generalized CDI 1, 3, the FI 6 and the relation 11, the following questions arise: (1) Do materials exist for which one may deduce from 4 or 6 respectively the validity of the CDI 1 for sst? In other words: For what kinds of materials may the thermostatic entropy sst also be interpreted as NEE? (2) Assurne that question 1 is answered in the negative for the material under consideration. Is it possible to define at least a certain NEE in such a manner that both the FI 6 and the CDI 3 for sN hold? Here we shall only consider question 1. In the following we give the answer to this question for the system mentioned above ( one component, one phase, no body forces) and for some special classes of materials. Some results concerning question 2 will be the subject of another publication.
Now the answer to question 1 depends mainly on the structure of the CE of the material under consideration. Therefore we must make a few remarks on these equations.
One usually assumes (ref. 2, p 56 etc.; ref. 4, p 91) that the present state ot a certain element of mass is uniquely determined by the 'history' of the element. Here we confine ourselves to so-called 'simple materials' which are characterized by the fact that their state at time t is completely specified by the histories of u, qi and Fik· All other quantities, especially the coefficients of u, qi, 'lik which appear in the FI 6,
must be functionals of the history 10. These functionals must be single-valued, continuous and invariant against translation of time. Therefore the CE may be written as:
Here the bracket { ·;.} is given by 10. The equations 14b and 14c are generalized laws of heat conduction and internal friction respectively. Equation 14a describes the so-called 'internal energy exchange'. Example: Relaxation of temperature in a homogeneaus mixture of ortho-and para-hydrogen. The functionals ff a.(r:t. = 0, 1, 2) must vanish in thermostatic equilibrium. Therefore, it is presumed that for all t ~ t 0 (1) For simple thermodynamic materials of the differential type with arbitrary complexity r ;:::: 1, one can conclude under certain conditions from the FI 6 that the CDI 1 holds for sst· To be more precise we formulate a theorem:
The material is simple, of the differential type and has arbitrary complexity r ~ 1. That is, the functionals are restrained to single-valued and continuous (generally non-linear) functions. 
for all histories 10 the functions of which are differentiable r times and vanish or converge to a constant value fort'~ -CfJ faster than tm with n = 1, 2, ... arbitrary.
When r = 1 the condition C 3 is obeyed trivially because the functions <1>~1 ) (a = 0, 1, 2) do not depend on the higher time derivatives ü ... etc.
In this case the CE 14 with 16 are, disregarding the distinction between Tst and T, the CE of TIP (ref. 1, p 425). Therefore one can say that, as a consequence ofthe above theorem, in TIP the CDI 1 for sst does indeed hold. Moreover, one can say that in fact the CDI 1 for sst holds for a much larger dass of materials than those used in TIP, namely for materials which are of the differential type with arbitrary complexity r ~ 1 and which obey C 3 .
(2) For simple thermodynamic materials of the integral type of order 1 and complexity 1 which obey a certain principle of fading memory the CDI 1 cannot hold. This is a consequence of the following theorem:
The material is simple, of the integral type*, of order 1 and complexity 1. That is, the functionals are restricted to
and { /.} given by 10. (19) Further, A~1 ) and K~1 ) are single-valued, finite and continuous functions of their arguments. Moreover, K~1 ) is integrable in -CfJ < t' ~ t for all histories 10 the functions of which vanish or converge to a constant value for t' ~ -CfJ more rapidly than tm with n = 1, 2 ... arbitrary. The integral 
This Iimit may be approached uniformly with respect to t' for all t' ~ t 0 • The assumption 20c means that the 'memory' of the material decreases for t' -~ -oo faster than t'-1 . lt can easily be seen that 20 is sufficient, though not necessary, for 15 to hold. holds for all t and all histories 10, the functions of which are at least differentia b le.
T: K~1 )(1) = 0. q, Fii, Fii' Fii), the CDI 1 may or may not hold . The question whether CDI 1 holds for simple materials of integral type of higher order and higher complexity is postponed to future investigations.
